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(54)  Valve  operating  system  in  internal  combustion  engine 

(57)  A  valve  operating  system  in  an  internal  com- 
bustion  engine  is  disclosed,  wherein  the  operational 
characteristic  of  an  engine  valve  which  is  an  intake 
valve  or  an  exhaust  valve,  can  be  changed  in  accord- 
ance  with  the  operational  state  of  the  engine.  In  the 
valve  operating  system,  a  power  transmitting  means 
comprises  an  inner  wheel,  an  outer  wheel  surrounding 
the  inner  wheel,  and  a  carrier  on  which  a  planetary  rotor 
is  rotatably  carried.  The  inner  wheel  is  operatively  con- 
nected  to  a  cam  shaft,  and  the  outer  wheel  is  connected 
to  the  engine  valve.  A  rotational-amount  control  device 
is  connected  to  the  carrier  for  controlling  the  rotational 
amount  of  the  carrier  in  accordance  with  the  operational 
state  of  the  engine.  Thus,  the  size  of  the  valve  operating 
system  can  be  reduced,  and  moreover,  the  operational 
characteristics  of  the  engine  valve  can  be  finely 
changed. 
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Description 

BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention 

The  present  invention  relates  to  a  valve  operating 
system  in  an  internal  combustion  engine,  and  more  par- 
ticularly,  to  a  valve  operating  system  in  an  internal  com- 
bustion  engine,  in  which  the  operational  characteristic 
of  an  engine  valve  which  is  an  intake  valve  or  an 
exhaust  valve,  can  be  changed  in  accordance  with  the 
operational  state  of  the  engine. 

Description  of  the  Related  Art 

Such  a  valve  operating  system  is  already  known,  for 
example,  from  Japanese  Patent  Publication  No.  7- 
107368. 

The  known  valve  operating  system  is  constructed 
so  that  rocker  arms  connected  to  the  engine  valves,  are 
alternatively  switched  and  driven  by  a  plurality  of  types 
of  valve  operating  cams  having  different  cam  profiles, 
wherein  the  operational  characteristic  of  the  engine 
valves  are  switched  at  two  or  three  stages  in  accord- 
ance  with  the  operational  state  of  the  engine.  However, 
to  further  enhance  the  engine  performance  such  as  the 
output  torque  from  the  engine,  the  fuel  consumption  and 
the  nature  of  the  exhaust  gas,  it  is  desirable  that  the 
operational  characteristic  of  the  engine  valves  can  be 
finely  switched  in  accordance  with  the  operational  state 
of  the  engine.  In  the  construction  of  the  known  valve 
operating  system,  a  large  number  of  valve  operating 
cams  having  the  different  cam  profiles  are  required, 
resulting  in  an  increased  size  of  the  valve  operating  sys- 
tem,  and  hence,  it  is  difficult  to  realize  the  valve  operat- 
ing  system. 

SUMMARY  OF  THE  INVENTION 

Accordingly,  it  is  an  object  of  the  present  invention 
to  provide  a  valve  operating  system  in  an  internal  com- 
bustion  engine,  whose  size  can  be  reduced,  and  in 
which  the  operational  characteristic  of  the  engine  valve 
can  be  finely  changed. 

To  achieve  the  above  object,  according  to  a  first 
aspect  and  feature  of  the  present  invention,  there  is  pro- 
vided  a  valve  operating  system  in  an  internal  combus- 
tion  engine  in  which  the  operational  characteristic  of  an 
engine  valve  can  be  changed  in  accordance  with  the 
operational  state  of  the  engine.  The  valve  operating  sys- 
tem  comprises  a  power  transmitting  means  having 
three  components:  an  inner  wheel  capable  of  being 
rotated  about  an  axis;  an  outer  wheel  capable  of  being 
rotated  about  the  same  axis  as  the  inner  wheel  and  sur- 
rounding  the  inner  wheel;  a  carrier  in  which  a  planetary 
rotor  disposed  between  the  inner  and  outer  wheels,  is 
carried  for  rotation  about  an  axis  parallel  to  the  axes  of 

the  inner  and  outer  wheels.  The  carrier  is  rotated  in 
operative  association  with  the  revolution  of  the  plane- 
tary  rotor  about  the  inner  wheel.  One  of  the  three  com- 
ponents  of  the  power  transmitting  means  is  operatively 

5  connected  to  a  valve  operating  cam  on  a  cam  shaft  in 
such  a  manner  that  it  can  be  rotated  in  response  to  the 
rotation  of  the  cam  shaft,  another  of  the  three  compo- 
nents  is  connected  to  the  engine  valve,  and  a  rotational- 
amount  control  means  is  connected  to  the  remaining  or 

10  third  one  of  the  three  components  for  controlling  the 
rotational  amount  of  that  third  component  in  accordance 
with  the  operational  state  of  the  engine. 

With  the  first  feature  of  the  present  invention, 
among  the  three  components  of  the  power  transmitting 

15  means,  the  first  and  second  components  are  operatively 
connected  to  the  valve  operating  cam  on  the  cam  shaft 
and  to  the  engine  valve,  respectively,  and  the  rotational 
amount  of  the  third  component  is  controlled  by  the  rota- 
tional-amount  control  means.  Thus,  the  rotation  of  the 

20  second  component  corresponding  with  the  rotation  of 
the  first  component  provided  by  the  rotation  of  the  cam 
shaft,  i.e.,  the  operational  characteristic  of  the  engine 
valve,  is  controlled.  Therefore,  by  finely  controlling  the 
rotational  amount  of  the  third  component,  the  opera- 

25  tional  characteristic  of  the  engine  valve  can  be  more 
finely  controlled.  Moreover,  by  the  fact  that  the  power 
transmitting  means  is  constructed  so  that  the  three 
components,  i.e.,  the  inner  and  outer  wheels  and  the 
carrier  are  disposed  for  rotation  about  the  same  axis, 

30  the  power  transmitting  means  can  be  formed  compactly, 
thereby  providing  a  reduction  in  size  of  the  valve  operat- 
ing  system. 

According  to  a  second  aspect  and  feature  of  the 
present  invention,  in  addition  to  the  first  feature,  the 

35  power  transmitting  means  is  a  planetary  gear  type  com- 
prised  of  a  sun  gear  which  is  the  inner  wheel,  a  ring 
gear  which  is  the  outer  wheel,  and  the  carrier  on  which 
a  planetary  gear  which  is  the  planetary  rotor,  is  rotatably 
carried.  With  such  second  feature,  the  operational  char- 

40  acteristic  of  the  engine  valve  can  be  accurately  control- 
led  by  the  mutual  meshing  connection  of  the 
components  forming  the  power  transmitting  means. 

According  to  a  third  aspect  and  feature  of  the 
present  invention,  in  addition  to  the  second  feature,  the 

45  engine  valve  is  connected  to  the  ring  gear;  an  arm  con- 
nected  to  the  sun  gear  and  extending  toward  the  cam 
shaft  is  disposed  axially  on  one  side  of  the  ring  gear;  the 
valve  operating  cam,  with  which  a  tip  end  of  the  arm  is 
in  contact,  is  provided  on  the  cam  shaft  which  has  an 

so  axis  parallel  to  the  axis  of  the  power  transmitting  means; 
and  the  rotational-amount  control  means  is  connected 
to  the  carrier.  With  the  third  feature,  the  cam  shaft  can 
be  disposed  in  proximity  to  the  power  transmitting 
means  while  avoiding  interference  between  the  valve 

55  operating  cam  and  the  ring  gear,  thereby  increasing  the 
degree  of  freedom  for  the  location  of  the  cam  shaft. 

According  to  a  fourth  aspect  and  feature  of  the 
present  invention,  in  addition  to  the  third  feature,  the 
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cam  shaft  is  disposed  at  a  location  where  the  projection 
of  the  locus  of  rotation  of  the  outermost  end  of  the  valve 
operating  cam  intersects  an  outer  peripheral  surface  of 
the  ring  gear  as  viewed  in  the  axial  direction  of  the  cam 
shaft.  With  the  fourth  feature,  the  cam  shaft  can  be  dis-  5 
posed  in  closer  proximity  to  the  axis  of  the  power  trans- 
mitting  means,  thereby  providing  compactness  of  the 
valve  operating  system. 

According  to  a  fifth  aspect  and  feature  of  the 
present  invention,  in  addition  to  the  first  feature,  the  10 
engine  valve  is  biased  in  a  closing  direction  by  a  resil- 
ient  force  increased  in  accordance  with  the  operation  of 
the  engine  valve  in  an  opening  direction;  the  rotational- 
amount  control  means  applies  a  changeable  force  to  the 
third  component,  opposing  a  reaction  force  transmitted  15 
to  the  third  component  through  the  another  component; 
and  an  auxiliary-force  applying  means  is  connected  to 
the  third  component  and  adapted  to  provide  a  portion  of 
the  force  opposing  the  reaction  force.  With  the  fifth  fea- 
ture,  an  actuator  adapted  to  vary  the  force  exhibited  by  20 
the  control  of  fluid  pressure  or  the  amount  of  electrical 
input,  can  be  used  as  the  rotational-amount  control 
means  and  thus,  the  rotational-amount  control  means 
can  be  easily  constructed.  Moreover,  by  the  fact  that  the 
auxiliary-force  applying  means  is  connected  to  the  third  25 
component,  the  force  exhibited  by  the  rotational-amount 
control  means  can  be  set  at  a  relatively  small  value, 
thereby  providing  a  reduction  in  size  of  the  rotational- 
amount  control  means. 

According  to  a  sixth  aspect  and  feature  of  the  30 
present  invention,  in  addition  to  the  first  feature,  the 
rotational-amount  control  means  includes  an  operating 
member  which  is  connected  to  the  third  component  to 
control  the  rotational  amount  of  the  third  component, 
wherein  the  operational  amount  is  detected  by  a  detect-  35 
ing  means.  With  the  sixth  feature,  the  operational 
amount  of  the  operating  member,  i.e.,  the  rotational 
amount  of  the  still  another  component  and  the  opera- 
tional  amount  of  the  engine  valve  can  be  directly 
detected,  and  the  operational  characteristics  of  the  40 
engine  valve  can  be  controlled  with  a  high  degree  of 
accuracy  in  accordance  with  the  operational  state  of  the 
engine  by  a  feedback  control  using  a  detected  value 
detected  by  the  detecting  means. 

According  to  a  seventh  aspect  and  feature  of  the  45 
present  invention,  in  addition  to  the  sixth  feature,  the 
detecting  means  is  mounted  on  the  rotational-amount 
control  means.  With  the  seventh  feature,  the  detecting 
means  and  the  rotational-amount  control  means  can  be 
disposed  in  a  compact  arrangement.  so 

According  to  an  eighth  aspect  and  feature  of  the 
present  invention,  in  addition  to  the  second  feature,  the 
power  transmitting  means  is  mounted  between  the  cam 
shaft  and  a  plurality  of  the  engine  valves.  With  the 
eighth  feature,  the  operational  characteristics  of  the  plu-  55 
rality  of  engine  valves  can  be  finely  controlled  by  a  sin- 
gle  power  transmitting  means,  thereby  reducing  the  size 
of  the  valve  operating  system. 

According  to  a  ninth  aspect  and  feature  of  the 
present  invention,  in  addition  to  the  eighth  feature,  the 
plurality  of  engine  valves  are  disposed  in  a  row  in  a 
direction  parallel  to  the  axis  of  the  cam  shaft,  and  the 
ring  gear  of  the  power  transmitting  means  is  disposed 
between  the  engine  valves  at  opposite  ends  in  the  direc- 
tion  of  the  arrangement  of  the  engine  valves  as  viewed 
in  a  direction  perpendicular  to  the  axis  of  the  cam  shaft. 
With  the  ninth  feature,  it  is  possible  to  compactly  con- 
struct  the  valve  operating  system  in  which  the  power 
transmitting  means  does  not  protrude  from  the  opposite 
ends  in  the  direction  of  arrangement  of  the  engine 
valves  in  the  direction  parallel  to  the  axis  of  the  cam 
shaft,  and  the  operational  characteristics  of  the  plurality 
of  engine  valves  can  be  changed  by  the  single  power 
transmitting  means. 

According  to  a  tenth  aspect  and  feature  of  the 
present  invention,  in  addition  to  the  second  feature,  a 
single  power  transmitting  means  is  mounted  between 
the  cam  shaft  and  a  pair  of  the  engine  valves  arranged 
in  a  direction  parallel  to  the  axis  of  the  cam  shaft,  and 
includes  the  ring  gear  disposed  between  the  pair  of 
engine  valves  as  viewed  in  a  direction  perpendicular  to 
the  axis  of  the  cam  shaft.  With  the  tenth  feature,  it  is 
possible  to  construct  the  valve  operating  system  com- 
pactly  in  such  a  manner  that  the  operational  character- 
istics  of  the  pair  of  engine  valves  can  be  finely  controlled 
by  the  single  power  transmitting  means,  and  the  power 
transmitting  means  does  not  protrude  from  the  opposite 
ends  in  the  direction  of  arrangement  of  the  pair  of 
engine  valves  in  the  direction  parallel  to  the  axis  of  the 
cam  shaft. 

According  to  an  eleventh  aspect  and  feature  of  the 
present  invention,  in  addition  to  the  first  feature,  the 
outer  wheel  as  the  one  component,  is  operatively  con- 
nected  to  the  valve  operating  cam  on  the  cam  shaft  for 
rotation  in  response  to  the  rotation  of  the  cam  shaft;  !he 
inner  wheel  as  the  another  component  is  connected  to 
the  engine  valve;  and  the  rotational-amount  control 
means  is  connected  to  the  carrier  as  the  third  compo- 
nent.  With  the  eleventh  feature,  the  rotational  amount  of 
the  outer  wheel  operatively  connected  to  the  cam  shaft 
is  smaller  than  the  rotational  amount  of  the  inner  wheel 
operatively  connected  to  the  engine  valve,  and  the  size 
of  the  valve  operating  cam  suitable  for  the  lift  amount 
required  for  the  engine  valve,  i.e.,  for  the  rotational 
amount  of  the  inner  wheel,  can  be  set  relatively  small, 
thereby  reducing  the  load  received  from  the  valve  oper- 
ating  cam  by  the  outer  wheel  which  helps  to  alleviate  the 
valve  operating  load.  Further,  from  the  fact  that  the 
valve  operating  cam  is  relatively  small,  the  space 
required  for  the  rotation  of  the  valve  operating  cam  as 
well  as  the  space  required  for  the  operation  of  the  oper- 
atively  connected  portion  of  the  outer  wheel  to  the  valve 
operating  cam  is  also  relatively  small  and  hence,  it  is 
possible  to  provide  compactness  to  the  valve  operating 
chamber  in  which  the  valve  operating  system  is  dis- 
posed. 
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According  to  a  twelfth  aspect  and  feature  of  the 
present  invention,  in  addition  to  the  eleventh  feature,  the 
power  transmitting  means  is  a  planetary  gear  type  com- 
prised  of  a  sun  gear  which  is  the  inner  wheel,  a  ring 
gear  which  is  the  outer  wheel,  and  a  carrier  on  which  a  5 
planetary  gear  that  is  the  planetary  rotor,  is  rotatably 
carried.  With  the  twelfth  feature,  the  operational  charac- 
teristic  of  the  engine  valve  can  be  accurately  controlled 
by  the  mutual  meshing  connection  of  the  components 
forming  the  power  transmitting  means.  w 

According  to  a  thirteenth  aspect  and  feature  of  the 
present  invention,  in  addition  to  the  eleventh  feature,  the 
cam  shaft  is  disposed  at  a  location  below  upper  ends  of 
the  intake  and  exhaust  valves  and  between  the  intake 
and  exhaust  valves,  and  the  point  of  operative  connec-  15 
tion  of  the  valve  operating  cam  and  the  outer  wheel  with 
each  other  is  disposed  between  the  cam  shaft  and  one 
of  the  intake  and  exhaust  valves,  which  is  the  engine 
valve  operatively  connected  to  the  inner  wheel,  so  that 
the  operational  characteristic  thereof  can  be  changed.  20 
With  the  thirteenth  feature,  the  power  transmitting 
means  can  be  disposed  in  proximity  to  the  upper  sur- 
face  of  the  cylinder  head,  whereby  the  valve  operating 
chamber  can  be  made  compact. 

According  to  a  fourteenth  aspect  and  feature  of  the  25 
present  invention,  in  addition  to  the  thirteenth  feature, 
an  oil  bath  is  defined  in  an  upper  surface  of  a  cylinder 
head,  and  the  valve  operating  cam  is  immersed  in  oil 
within  the  oil  bath.  With  the  fourteenth  feature,  the  lubri- 
cation  of  the  power  transmitting  means  can  be  satisfac-  30 
torily  performed  in  a  manner  that  the  oil  is  raked  up  by 
the  valve  operating  cam. 

According  to  a  fifteenth  aspect  and  feature  of  the 
present  invention,  in  addition  to  the  eleventh  feature,  the 
single  outer  wheel  is  disposed  between  a  pair  of  the  35 
engine  valves  adjacent  each  other  in  the  axial  direction 
of  the  cam  shaft,  and  the  engine  valves  are  operatively 
connected  to  the  inner  wheel  on  axially  opposite  sides 
of  the  outer  wheel.  With  the  fifteenth  feature,  the  pair  of 
engine  valves  can  be  opened  and  closed  by  the  power  40 
transmitting  means  compactly  disposed  between  both 
the  engine  valves,  wherein  the  operational  characteris- 
tic  thereof  can  be  changed.  Thus,  the  valve  operating 
system  can  be  made  more  compactly. 

According  to  a  sixteenth  aspect  and  feature  of  the  45 
present  invention,  in  addition  to  the  eleventh  feature,  the 
power  transmitting  means  is  disposed  in  such  a  manner 
that  a  portion  of  the  outer  wheel  is  superimposed,  as 
viewed  in  an  axial  direction  of  the  outer  wheel,  on  a  por- 
tion  of  a  coiled  valve  spring  which  surrounds  an  upper  so 
portion  of  the  engine  valve  to  exhibit  a  spring  force  for 
basing  the  engine  valve  in  a  closing  direction.  With  the 
sixteenth  feature,  the  power  transmitting  means  can  be 
disposed  in  further  proximity  to  the  engine  valve, 
whereby  the  valve  operating  chamber  can  be  made  55 
compact. 

According  to  a  seventeenth  aspect  and  feature  of 
the  present  invention,  in  addition  to  the  first  feature,  the 

axes  of  the  inner  and  outer  wheels  are  disposed 
between  the  cam  shaft  and  the  engine  valve  in  parallel 
to  the  cam  shaft.  With  the  seventeenth  feature,  each  of 
the  cam  shaft  and  the  engine  valve  can  be  formed  into 
a  conventionally  used  common  structure,  and  need  not 
be  of  a  special  structure. 

The  above  and  other  objects,  features  and  advan- 
tages  of  the  invention  will  become  apparent  from  the  fol- 
lowing  description  of  the  preferred  embodiments  taken 
in  conjunction  with  the  accompanying  drawings. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  vertical  sectional  view  of  an  essential  por- 
tion  of  an  internal  combustion  engine. 

Fig.  2  is  an  enlarged  view  of  the  essential  portion 
shown  in  Fig.  1  . 

Fig.  3  is  a  sectional  view  taken  along  a  line  3-3  in 
Fig.  2. 

Fig.  4  is  an  exploded  perspective  view  of  an  intake 
valve  operating  device. 

Fig.  5  is  a  sectional  view  taken  along  a  line  5-5  in 
Fig.  3. 

Figs.  6A,  6B  and  6C  are  diagrams  each  illustrating 
a  variation  in  the  valve-operational  characteristic  by  def- 
inition  of  rotational  angle  of  carrier. 

Fig.  7  is  an  exploded  perspective  view  similar  to 
Fig.  4,  but  according  to  a  second  embodiment  of  the 
present  invention. 

Fig.  8  is  a  vertical  sectional  view  of  an  essential  por- 
tion  of  an  internal  combustion  engine. 

Fig.  9  is  an  enlarged  view  of  the  essential  portion 
shown  in  Fig.  8. 

Fig.  10  is  a  sectional  view  taken  along  a  line  10-10 
in  Fig.  9. 

Fig.  1  1  is  a  sectional  view  similar  to  Fig.  9,  but  taken 
when  an  engine  valve  is  opened. 

Fig.  12  is  a  perspective  view  of  an  intake  valve 
operating  device. 

Fig.  13  is  a  vertical  sectional  view  similar  to  Fig.  8, 
but  according  to  a  fourth  embodiment  of  the  present 
invention. 

Fig.  14  is  a  vertical  sectional  view  similar  to  Fig.  8, 
but  according  to  a  fifth  embodiment  of  the  present 
invention. 

Fig.  15  is  a  perspective  view  similar  to  Fig.  12,  but 
according  to  a  sixth  embodiment  of  the  present  inven- 
tion. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

The  present  invention  will  now  be  described  by  way 
of  embodiments  with  reference  to  the  accompanying 
drawings. 

A  first  embodiment  of  the  present  invention  will  be 
described  with  reference  to  Figs.  1  to  6.  Referring  first  to 
Fig.  1,  a  piston  13  is  slidably  received  in  a  cylinder  12 
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provided  in  a  cylinder  block  1  1  ,  and  a  combustion  cham- 
ber  1  5  is  defined  between  an  upper  surface  of  the  piston 
13  and  a  cylinder  head  14.  A  pair  of  intake  valve  bores 
16  and  a  pair  of  exhaust  valve  bores  17  are  provided  in 
the  cylinder  head  14,  so  that  they  open  into  an  upper  5 
surface  of  the  combustion  chamber  1  5.  The  intake  valve 
bores  1  6  communicate  with  an  intake  port  1  8,  and  the 
exhaust  valve  bores  1  7  communicate  with  an  exhaust 
port  19. 

A  pair  of  intake  valves  VI  capable  of  individually  10 
opening  and  closing  the  intake  valve  bores  16,  have 
stems  20  slidably  fitted  into  guide  tubes  21  provided  in 
the  cylinder  head  14.  Coiled  valve  springs  23  are 
mounted  between  retainers  22  at  upper  ends  of  the 
stems  20  which  protrude  upwards  from  the  guide  tubes  15 
21  and  the  cylinder  head  14,  to  surround  the  stems  20, 
so  that  the  intake  valves  VI  are  biased  by  the  valve 
springs  23  in  a  direction  to  close  the  intake  valve  bores 
16.  A  pair  of  exhaust  valves  VE  capable  of  individually 
opening  and  closing  the  exhaust  valve  bores  1  7,  are  sli-  20 
dably  fitted  into  guide  tubes  25  provided  in  the  cylinder 
head  1  4.  Coiled  valve  springs  27  are  mounted  between 
retainers  26  at  upper  ends  of  the  stems  24  which  pro- 
trude  upwards  from  the  guide  tubes  25  and  the  cylinder 
head  1  4,  to  surround  the  stems  24,  so  that  the  exhaust  25 
valves  VE  are  biased  by  the  valve  springs  27  in  a  direc- 
tion  to  close  the  exhaust  valve  bores  1  7. 

A  cam  shaft  28  parallel  to  an  axis  of  a  crankshaft 
(not  shown)  is  rotatably  disposed  between  the  intake 
valves  VI  and  the  exhaust  valves  VE  and  is  operatively  30 
connected  to  the  crankshaft  at  a  reduction  ratio  of  1/2. 
An  intake  valve  operating  device  29l-|  is  mounted 
between  the  intake  valves  VI  and  the  cam  shaft  28  for 
converting  the  rotating  movement  of  the  cam  shaft  28 
into  an  opening/closing  operation  of  the  intake  valves  35 
VI.  An  exhaust-side  valve  operating  device  29E-|  is 
mounted  between  the  exhaust  valves  VE  and  the  cam 
shaft  28  for  converting  the  rotating  movement  of  the 
cam  shaft  28  into  an  opening/closing  movement  of  the 
exhaust  valves  VE.  40 

Referring  also  to  Figs.  2  to  4,  the  intake  valve  oper- 
ating  device  29li  includes  a  power  transmitting  means 
30li  which  is  formed  into  a  planetary  gear  type  by  a  sun 
gear  31  1  which  is  an  inner  wheel  rotatable  about  an 
axis,  a  ring  gear  321  which  is  an  outer  wheel  surround-  45 
ing  the  sun  gear  31  1  for  rotation  about  the  same  axis  as 
that  of  the  sun  gear  31  1  ,  and  a  carrier  33i  which  carries 
a  plurality  of  planetary  gears  34-|  which  are  planetary 
rotors  for  rotation  about  an  axis  parallel  to  axes  of  the 
sun  gear  31  1  and  the  ring  gear  32  ̂ and  which  are  so 
rotated  in  operative  association  with  the  rotation  of  the 
planetary  gears  34-|  about  the  sun  gear  31  1  .  The  power 
transmitting  means  30li  is  mounted  between  the  cam 
shaft  28  and  the  intake  valves  VI  in  such  a  manner  that 
the  ring  gear  32-|  is  disposed  between  the  intake  valves  55 
VI  in  a  direction  parallel  to  the  axis  of  the  cam  shaft  28, 
as  viewed  from  a  direction  perpendicular  to  the  axis  of 
the  cam  shaft  28. 

The  sun  gear  31  1  ,  the  ring  gear  32.,  and  the  carrier 
33i  are  three  components  forming  the  power  transmit- 
ting  means  30l-|  .  The  sun  gear  31  1  is  rotatably  carried 
on  a  support  shaft  35  which  is  fixedly  disposed  between 
the  cam  shaft  28  and  the  intake  valves  VI  and  has  an 
axis  parallel  to  the  cam  shaft  28.  An  arm  36  integrally 
connected  to  one  side  of  the  sun  gear  31  1  and  extend- 
ing  toward  the  cam  shaft  28  is  disposed  on  one  side  of 
the  ring  gear  32-|  ,  and  provided  at  its  tip  end  with  a  cam 
slipper  38  which  is  in  contact  with  a  valve  operating  cam 
37  provided  on  the  cam  shaft  28.  Thus,  the  sun  gear  31  1 
is  operatively  connected  to  the  cam  shaft  28  and  driven 
in  rotation  by  the  valve  operating  cam  37  in  response  to 
the  rotation  of  the  cam  shaft  28. 

The  ring  gear  321  which  is  one  of  the  components 
of  the  power  transmitting  means  30li  is  integrally  pro- 
vided  with  a  connecting  arm  39  which  is  bifurcated  and 
extends  toward  the  intake  valves  VI.  A  pair  of  tappet 
screws  40  are  connected  to  the  upper  ends  of  the  stems 
20  of  the  intake  valves  VI,  respectively  and  are  thread- 
edly  engaged  with  tip  ends  of  the  connecting  arm  39  for 
advancing  and  retreating  movements.  Thus,  the  ring 
gear  32-|  is  operatively  connected  to  the  intake  valves 
VI,  so  that  the  intake  valves  VI  are  opened  and  closed  in 
response  to  the  turning  of  the  ring  gear  32-|. 

Moreover,  the  cam  shaft  28  is  disposed  in  such  a 
manner  that  the  projection  of  the  rotational  locus  L 
described  by  the  outermost  end  of  the  valve  operating 
cam  37  on  the  cam  shaft  28  intersects  an  outer  periph- 
eral  surface  of  the  ring  gear  32-|  as  viewed  from  an  axial 
direction  of  the  cam  shaft  28. 

The  carrier  331  which  is  the  third  component  of  the 
power  transmitting  means  30I-)  is  cylindrical  in  shape 
having  inward-turned  collars  33a  at  opposite  ends 
thereof,  and  is  coaxially  inserted  between  the  sun  gear 
31  1  and  ring  gear  32-|  .  The  planetary  gears  34-|  meshed 
with  an  outer  periphery  of  the  sun  gear  31  1  and  an  inner 
periphery  of  the  ring  gear  32.,  are  rotatably  carried  on 
shafts  41  which  are  disposed  at  a  plurality  of  points, 
e.g.,  three  points  equally  spaced  apart  from  each  other 
in  a  circumferential  direction  of  the  carrier  33i  and 
which  are  mounted  between  both  the  inward-turned  col- 
lars  33a.  The  carrier  33i  is  provided  with  openings  33b, 
in  which  a  portion  of  each  of  the  planetary  gears  34., 
faces,  so  that  the  planetary  gears  34.,  are  meshed  with 
the  inner  periphery  of  the  ring  gear  32-|  . 

A  cylindrical  member  42  rotatably  supported  by  a 
support  shaft  35  is  secured  at  one  end  thereof  to  the 
carrier  33i  on  the  opposite  side  of  the  sun  gear  31  1  from 
the  arm  36,  and  a  control  arm  43  having  one  side  facing 
upwards,  is  integrally  provided  at  the  other  end  of  the 
cylindrical  member  42  on  the  opposite  side  from  the 
cam  shaft  28.  A  rotational-amount  control  means  44  is 
disposed  in  a  head  cover  45  at  a  location  above  the  con- 
trol  arm  43  and  in  contact  with  one  surface  thereof,  i.e., 
an  upper  surface  of  the  control  arm  43. 

The  rotational-amount  control  means  44  includes  a 
piston  47  slidably  received  in  a  cylinder  bore  46  pro- 
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vided  in  the  head  cover  45  to  extend  vertically,  and  a  lid 
member  48  which  is  fixed  to  the  head  cover  45  to  seal 
the  upper  end  of  the  cylinder  bore  46  which  defines  a 
hydraulic  pressure  chamber  49  between  the  lid  member 
48  and  the  piston  47.  A  return  spring  50  is  mounted  5 
between  the  lid  member  48  and  the  piston  47  to  exhibit 
a  spring  force  for  biasing  the  piston  47  downwards.  A 
control  rod  51  as  an  operating  member  coaxially  pro- 
vided  at  a  lower  end  of  the  piston  47,  contacts  an  upper 
surface  of  the  control  arm  43.  ro 

An  oil  passage  52  is  provided  in  the  head  cover  45 
to  lead  to  the  hydraulic  pressure  chamber  49  and  is  con- 
nected  to  a  hydraulic  pressure  source  through  a  control 
valve  which  is  not  shown,  so  that  oil  which  continuously 
varies  in  pressure  depending  upon  the  operational  state  15 
of  the  engine,  can  be  supplied  to  the  hydraulic  pressure 
chamber  49. 

The  sun  gear  31  1  is  rotated  in  a  direction  shown  by 
an  arrow  53  in  Fig.  2  by  the  valve  operating  cam  37 
pushing  on  arm  36.  However,  a  relatively  large  spring  20 
load,  for  example,  of  about  20  kgf,  is  applied  to  the 
intake  valves  VI  and  the  ring  gear  32-|  by  the  valve 
springs  23  and  hence,  when  the  rotation  of  the  carrier 
33i  about  the  sun  gear  31  1  is  not  controlled  by  the  rota- 
tional-amount  control  means  44,  the  carrier  33i  is  freely  25 
rotated  in  a  direction  54  opposite  from  the  arrow  53  (see 
Fig.  2),  and  the  intake  valves  VI  cannot  be  opened  and 
closed.  However,  when  the  rotation  of  the  carrier  33i 
about  the  sun  gear  31  1  has  been  controlled,  each  of  the 
planetary  gears  34-|  is  rotated  about  its  axis  by  an  30 
amount  corresponding  to  a  controlled  rotational  amount 
to  cause  the  rotation  of  the  ring  gear  32.,  ,  thereby  open- 
ing  the  intake  valves  VI.  Thus,  the  maximum  lift  amount 
and  the  opening  timing,  i.e.,  the  operational  characteris- 
tic  of  the  intake  valves  VI  can  be  changed  continuously  35 
by  continuously  changing  the  controlled  rotational 
amount  of  the  carrier  33i  . 

The  rotational-amount  control  means  44  continu- 
ously  controls  the  rotational  amount  of  the  carrier  33-| 
about  the  sun  gear  31  1.  Thus,  whereas  the  spring  40 
forces  of  the  valve  springs  23  for  basing  the  intake 
valves  VI  in  closing  directions  are  applied  to  the  carrier 
33i  through  the  planetary  gears  34-|  to  bias  the  control 
arm  43  upwards,  a  force  for  urging  the  control  arm  43 
downwards  can  be  continuously  changed.  The  spring  45 
forces  of  the  valve  springs  23  are  increased  in  accord- 
ance  with  the  operation  of  the  intake  valves  VI  in  open- 
ing  directions,  and  the  force  for  urging  the  control  arm 
43  upwards  is  also  increased  in  accordance  with  the 
opening  operation  of  the  intake  valves  VI  in  opening  so 
directions.  Therefore,  the  changing  of  the  force  exhib- 
ited  by  the  rotational-amount  control  means  44  ensures 
that  when  the  intake  valves  VI  are  opened  to  a  certain 
opening  degree,  the  forces  applied  to  the  control  arm  43 
from  above  and  below  are  balanced  with  each  other.  55 
Thus,  the  rotational  amount  of  the  carrier  33-|  is  control- 
led  to  such  position,  and  the  maximum  lift  position  of  the 
intake  valves  VI  is  controlled  to  the  position  in  which  the 

forces  have  been  balanced  with  each  other,  as 
described  above. 

The  spring  forces  of  the  valve  springs  23  are  rela- 
tively  large,  as  described  above.  If  the  force  opposing 
such  spring  forces  of  the  valve  springs  23  is  born  by 
only  the  rotational-amount  control  means  44,  it  leads  to 
an  increase  in  size  of  the  rotational-amount  control 
means  44.  Therefore,  an  auxiliary  control  arm  55  is  inte- 
grally  provided  on  an  intermediate  portion  of  the  cylin- 
drical  member  42  connected  to  the  carrier  33i  in  such  a 
manner  that  it  is  opposed  sideways  to  the  cam  shaft  28 
on  the  opposite  side  of  the  cylindrical  member  42  from 
the  cam  shaft  28.  An  auxiliary-force  applying  means  56I 
is  connected  to  the  auxiliary  control  arm  55. 

Referring  to  Fig.  5,  an  auxiliary  cam  57  is  fixedly 
provided  on  the  cam  shaft  28  at  a  location  correspond- 
ing  to  the  auxiliary  control  arm  55,  and  the  auxiliary- 
force  applying  means  56I  is  disposed  between  the  aux- 
iliary  cam  57  and  the  auxiliary  control  arm  55.  The  aux- 
iliary-force  applying  means  56I  includes  a  support  tube 
58  fixedly  supported  on  the  head  cover  45  above  the 
cylindrical  member  42  and  having  an  axis  perpendicular 
to  the  axis  of  the  cam  shaft  28.  A  first  bottomed  cylindri- 
cal  piston  59  is  slidably  received  in  the  support  tube  58 
with  its  closed  end  being  in  sliding  contact  with  the  aux- 
iliary  cam  57,  and  a  second  piston  60  is  relatively  slida- 
bly  fitted  in  the  first  piston  59  with  its  closed  end  being  in 
sliding  contact  with  the  auxiliary  control  arm  55.  A  coiled 
spring  61  which  is  mounted  between  the  first  and  sec- 
ond  pistons  59  and  60,  exhibits  a  spring  force  in  a  direc- 
tion  to  move  the  pistons  59  and  60  away  from  each 
other. 

With  such  auxiliary-force  applying  means  56I,  the 
spring  61  is  compressed  by  the  urging  of  the  first  piston 
59  which  is  controlled  by  the  auxiliary  cam  57,  and  the 
spring  force  of  the  compressed  spring  61  is  applied  to 
the  auxiliary  control  arm  55  and  thus  to  the  carrier  33i 
through  the  second  piston  60  in  the  same  direction  as 
the  control  force  from  the  rotational-amount  control 
means  44.  Thus  a  portion  of  the  force  opposing  the 
spring  forces  of  the  valve  springs  23  can  be  born  by  the 
auxiliary-force  applying  means  56I. 

It  is  required  that  the  auxiliary  force  of  the  auxiliary- 
force  applying  means  56I  is  synchronized  with  the  time 
of  opening  of  the  intake  valves  VI.  The  auxiliary  cam  57 
is  fixedly  provided  on  the  cam  shaft  28  at  a  location  dis- 
placed  from  the  valve  operating  cam  47,  for  example, 
through  90°  in  the  circumferential  direction  of  the  cam 
shaft  28,  so  that  the  urging  force  is  exerted  from  the 
auxiliary  cam  57  to  the  first  piston  59,  when  the  a  rotat- 
ing  power  is  transmitted  from  the  valve  operating  cam 
37  to  the  sun  gear  31  1. 

In  the  rotational-amount  control  means  44,  the  con- 
trol  rod  51  is  axially  operated  to  a  position  in  which  the 
force  exhibited  by  the  rotational-amount  control  means 
44  is  balanced  with  the  force  of  the  control  arm  43 
pushed  up  by  the  spring  forces  of  the  valve  springs  23. 
If  the  amount  of  operation  or  movement  of  the  control 

6 



11  EP  0  826 

rod  51  is  detected,  the  state  in  which  the  forces  are  bal- 
anced  with  each  other,  i.e.,  the  maximum  lift  positions  of 
the  intake  valves  VI  can  be  detected.  Therefore,  a  lift 
sensor  64  which  functions  as  a  detecting  means,  is 
mounted  on  the  lid  member  48  in  the  rotational-amount  5 
control  means  44,  and  a  detecting  rod  65  is  integrally 
provided  at  an  upper  end  of  the  piston  47  in  the  rota- 
tional-amount  control  means  44,  and  is  coaxial  with  the 
piston  47.  The  detecting  rod  65  is  oil-tightly  and  movably 
passed  through  the  lid  member  48  to  protrude  into  the  w 
lift  sensor  64.  Thus,  the  lift  sensor  64  detects  the 
amount  of  operation  or  movement  of  the  detecting  rod 
65  integrally  connected  to  the  control  rod  51  through  the 
piston  47,  and  directly  detects  the  amount  of  operation 
of  the  control  rod  51  .  75 

The  exhaust-side  valve  operating  device  29E-,  is 
constructed  in  the  same  manner  as  the  intake-side 
valve  operating  device  29li  and  includes  a  rotational- 
amount  control  means  (not  shown),  an  auxiliary-force 
applying  means  56E  and  the  like.  20 

The  operation  of  the  first  embodiment  will  be 
described  below  with  reference  to  the  intake-side  valve 
operating  device  29li  taken  as  an  example.  Among  the 
three  components  forming  the  power  transmitting 
means  30li  of  a  planetary  gear  type  comprising  the  sun  25 
gear  31  1  ,  the  ring  gear  32.,  and  the  carrier  33-|  ,  the  sun 
gear  31  1  is  driven  by  the  valve  operating  cam  37  on  the 
cam  shaft  28;  the  ring  gear  32-|  is  operatively  connected 
to  the  intake  valves  VI;  and  the  carrier  33i  rotated  about 
the  sun  gear,  is  continuously  controlled  by  the  rota-  30 
tional-amount  control  means  44.  Therefore,  the  opera- 
tional  characteristic  of  the  intake  valves  VI  can  be 
continuously  changed. 

For  example,  when  the  amount  of  rotation  of  the 
carrier  33i  about  the  sun  gear  is  defined  to  "0"  as  shown  35 
by  a  character  A  in  Fig.  6B  when  the  sun  gear  31  1  is 
rotated  as  shown  in  Fig.  6A  by  the  valve  operating  cam 
37,  the  intake  valves  VI  are  opened  and  closed  so  that 
the  lift  amount  and  opening  time  assume  maximum  val- 
ues,  as  shown  by  a  character  A  in  Fig.  6C.  When  the  40 
angle  of  rotation  of  the  carrier  33i  about  the  sun  gear  is 
defined,  for  example,  to  1  .6  degrees,  as  shown  by  a 
character  B  in  Fig.  6B,  then  as  shown  in  Fig.  6C,  the 
intake  valves  VI  are  opened  and  closed,  so  that  the  lift 
amount  and  opening  time  shown  by  character  B  are  45 
smaller  than  those  of  the  operational  characteristic 
shown  by  the  character  A.  When  the  angle  of  rotation  of 
the  carrier  33i  about  the  sun  gear  is  defined,  for  exam- 
ple,  to  5.6  degrees,  as  shown  by  a  character  C  in  Fig. 
6B,  the  intake  valves  VI  are  opened  and  closed  so  that  so 
the  lift  amount  and  opening  time  are  even  smaller  than 
those  of  the  operational  characteristic  shown  by  the 
character  B  as  shown  by  a  character  C  in  Fig.  6C.  More- 
over,  the  control  of  the  rotation  by  the  rotational-amount 
control  means  44  may  be  cancelled  as  shown  by  the  ss 
dashed  line  in  Fig.  6B  in  the  middle  of  the  opening  and 
closing  of  the  intake  valves  VI.  If  this  is  done,  the  time  of 
the  closing  of  the  intake  valves  VI  is  hastened  as  shown 
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by  the  dashed  line  in  Fig.  6C. 
The  power  transmitting  means  30I-)  is  constructed 

so  that  the  three  components  forming  it,  i.e.,  the  sun 
gear  31  1,  the  ring  gear  32-|  and  the  carrier  33i  are  dis- 
posed  for  rotation  about  the  same  axis.  Therefore,  it  is 
possible  to  provide  a  compactness  of  the  power  trans- 
mitting  means  30li  and  to  reduce  the  size  of  the  valve 
operating  device  29l-|.  Moreover,  because  the  power 
transmitting  means  30I-)  is  of  the  planetary  gear  type,  it 
is  possible  to  accurately  control  the  operational  charac- 
teristic  of  the  intake  valves  VI  by  the  meshing  connec- 
tion  of  the  components  31  1  ,  32-|  and  33i  comprising  the 
power  transmitting  means  30l-|  .  Yet  further,  since  the 
cam  slipper  38  provided  at  the  tip  end  of  the  arm  36 
connected  to  the  sun  gear  31  1  on  the  axially  one  side  of 
the  ring  gear  32-|  and  extending  toward  the  cam  shaft 
28,  is  in  contact  with  the  valve  operating  cam  37,  the 
cam  shaft  28  can  be  located  in  proximity  to  the  power 
transmitting  means  30l-|,  while  avoiding  interference 
between  the  valve  operating  cam  37  and  the  ring  gear 
32-|  .  Thus,  the  degree  of  freedom  for  disposition  of  the 
cam  shaft  28  can  be  increased.  In  addition,  since  the 
cam  shaft  28  is  disposed  so  that  the  projection  of  the 
rotational  locus  L  of  the  outermost  end  of  the  valve 
operating  cam  37  intersects  the  outer  peripheral  surface 
of  the  ring  gear  32.,  as  viewed  from  the  axial  direction  of 
the  cam  shaft  28,  the  cam  shaft  28  can  be  disposed  in 
proximity  to  the  axis  of  the  power  transmitting  means 
30li  ,  thereby  providing  further  compactness  to  the  valve 
operating  device  29I-)  . 

The  rotational-amount  control  means  44  is  adapted 
to  apply,  to  the  carrier  33-|,  the  control  force  opposing 
the  spring  forces  of  the  valve  springs  23  which  bias  the 
intake  valves  VI  in  the  closing  direction  and  which  are 
increased  in  accordance  with  the  opening  operation  of 
the  intake  valves  VI,  in  such  a  manner  that  the  control 
force  can  be  continuously  changed.  Thus,  the  amount  of 
rotation  of  the  carrier  33-|  about  the  sun  gear  can  be 
continuously  controlled  by  the  continuous  changing  of 
the  control  force.  Therefore,  a  hydraulic  actuator 
adapted  to  change  the  force  exhibited  by  the  control  of 
the  hydraulic  pressure,  can  be  used  as  the  rotational- 
amount  control  means  44  and  thus,  the  rotational- 
amount  control  means  44  can  be  easily  constructed. 
Further,  the  auxiliary-force  applying  means  56I  is  con- 
nected  to  the  carrier  33i  ,  and  the  force  exhibited  by  the 
rotational-amount  control  means  44  can  be  set  at  a  rel- 
atively  small  value  because  a  portion  of  the  force 
opposing  the  spring  forces  of  the  valve  springs  23  is 
provided  by  the  auxiliary-force  applying  means  56I. 
Thus,  it  is  possible  to  provide  a  reduction  in  size  of  the 
rotational-amount  control  means  44. 

Moreover,  the  lift  sensor  64  is  mounted  on  the  rota- 
tional-amount  control  means  44,  so  that  the  amount  of 
operation  of  the  control  rod  51,  i.e.,  the  control  amount 
of  rotation  of  the  carrier  331  and  the  maximum  lift 
amount  of  the  intake  valves  VI  can  be  detected  by  the  lift 
sensor  64.  Therefore,  the  operational  characteristic  of 
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the  intake  valves  VI  can  be  controlled  continuously  and 
with  high  accuracy  in  correspondence  to  the  operational 
state  of  the  engine  by  a  feedback  control  using  the 
detected  value  detected  by  the  lift  sensor  64. 

Fig.  7  illustrates  a  second  embodiment  of  the  s 
present  invention,  wherein  components  or  portions  cor- 
responding  to  those  in  the  first  embodiment  are  desig- 
nated  by  like  reference  characters. 

A  ring  gear  32.,  in  a  power  transmitting  means  30I-) 
is  integrally  provided  with  a  connecting  arm  39'  extend-  10 
ing  toward  one  of  a  pair  of  intake  valves  VI.  A  tappet 
screw  40  connected  to  an  upper  end  of  a  stem  20  of  the 
one  intake  valve  VI  is  threadedly  engaged  with  a  tip  end 
of  the  connecting  arm  39'  for  advancing  and  retreating 
movements.  Another  tappet  screw  40  is  threadedly  is 
engaged  for  advancing  and  retreating  movements  with 
a  rocker  arm  66  which  is  swingably  carried  on  a  support 
shaft  35.  The  tappet  screw  40  is  connected  to  an  upper 
end  of  a  stem  20  of  the  other  intake  valve  VI.  The  rocker 
arm  66  is  in  sliding  contact  with  a  valve  operating  cam  20 
which  is  different  from  the  valve  operating  cam  37  (see 
Fig.  2)  adapted  to  apply  a  power  to  a  power  transmitting 
means  30l-|  . 

According  to  the  second  embodiment,  the  opera- 
tional  characteristic  of  one  of  the  intake  valves  VI  can  be  25 
continuously  changed,  but  the  other  intake  valve  VI  is 
opened  and  closed  with  a  fixed  operational  characteris- 
tic. 

In  a  further  alternate  embodiment  of  the  present 
invention,  the  cylindrical  member  42  and  a  rotational-  30 
amount  control  means  44  may  be  disposed  commonly 
for  two  adjacent  cylinders  in  a  multi-cylinder  internal 
combustion  engine.  Specifically,  in  the  two  adjacent  cyl- 
inders,  the  timing  of  opening  of  engine  valves  are  dis- 
placed  along  the  crank  angle  and  hence,  the  control  35 
force  may  be  exhibited  by  the  rotational-amount  control 
means  44  in  correspondence  to  the  timing  of  opening  of 
the  engine  valves,  respectively.  This  makes  it  possible 
to  provide  a  decrease  in  number  of  parts. 

Figs.  8  to  12  illustrate  a  third  embodiment  of  the  40 
present  invention,  wherein  components  or  portions  cor- 
responding  to  those  in  each  of  the  above-described 
embodiments  are  designated  by  like  reference  charac- 
ters. 

Referring  first  to  Fig.  8,  a  cam  shaft  28  is  rotatably  45 
disposed  between  a  pair  of  intake  valves  VI  and  a  pair 
of  exhaust  valves  VE  in  such  a  manner  that  it  is  located 
below  upper  ends  of  the  intake  valve  VI  and  upper  ends 
of  the  exhaust  valves  VE.  An  oil  bath  70  is  defined  in  an 
upper  surface  of  a  cylinder  head  14,  and  the  cam  shaft  so 
28  is  disposed  at  a  location  in  which  an  intake-side 
valve  operating  cam  37I  and  an  exhaust-side  valve 
operating  cam  37E  provided  on  the  cam  shaft  28  can  be 
immersed  in  an  oil  within  the  oil  bath  70. 

An  intake-side  valve  operating  device  29l2  is  55 
mounted  between  !he  intake  valves  VI  and  the  intake- 
side  valve  operating  cam  37I  of  the  cam  shaft  28  and 
capable  of  converting  the  rotational  movement  of  the 

cam  shaft  28  into  opening  and  closing  movements  of 
the  intake  valves  VI.  An  exhaust-side  valve  operating 
device  29E2  is  mounted  between  the  exhaust  valves  VE 
and  the  exhaust-side  valve  operating  cam  37E  of  the 
cam  shaft  28  and  capable  of  converting  the  rotational 
movement  of  the  cam  shaft  28  into  opening  and  closing 
movements  of  the  exhaust  valves  VE. 

The  exhaust-side  valve  operating  device  29E2 
includes  a  rocker  arm  shaft  72  fixedly  disposed  and  hav- 
ing  an  axis  parallel  to  the  cam  shaft  28,  and  a  rocker 
arm  73  rotatably  carried  on  the  rocker  arm  shaft  72  and 
provided  between  the  exhaust  valves  VE  and  the 
exhaust-side  valve  operating  cam  37E.  A  cam  slipper 
74  is  provided  at  one  end  of  the  rocker  arm  73  to  come 
into  contact  with  the  exhaust-side  valve  operating  cam 
37E.  A  pair  of  tappet  screws  75  in  contact  with  upper 
ends  of  the  exhaust  valves  VE,  are  threadedly  inserted 
into  the  other  ends  of  the  rocker  arm  73,  so  that  their 
advanced  and  retreated  positions  can  be  regulated. 

Referring  also  to  Figs.  9  to  12,  the  intake-side  valve 
operating  device  29l2  includes  a  power  transmitting 
means  30l2  which  is  formed  into  a  planetary  gear  type 
by  a  sun  gear  31  2  which  is  an  inner  wheel  rotatable 
about  an  axis,  a  ring  gear  322  which  is  an  outer  wheel 
surrounding  the  sun  gear  31  2  for  rotation  about  the 
same  axis  as  the  sun  gear  31  2,  and  a  carrier  332  on 
which  a  plurality  of  planetary  gears  342  as  planetary 
rotors  are  carried  for  rotation  about  an  axis  parallel  to 
axes  of  the  sun  gear  31  2  and  the  ring  gear  322  which  is 
rotated  in  operative  association  with  the  rotation  of  the 
planetary  gears  342  about  the  sun  gear  31  2. 

Among  the  sun  gear  31  2,  the  ring  gear  322  and  the 
carrier  332  which  are  three  components  comprising  the 
power  transmitting  means  30l2,  the  sun  gear  31  2  is 
rotatably  carried  on  a  support  shaft  35  fixedly  disposed 
between  the  cam  shaft  28  and  the  intake  valves  VI  and 
haying  an  axis  parallel  to  the  axis  of  the  cam  shaft  28. 
An  arm  76  extending  toward  the  cam  shaft  28  is  inte- 
grally  provided  on  the  ring  gear  322.  A  roller  77  is  rotat- 
ably  supported  at  the  tip  end  of  the  arm  76  and  is  in 
contact  with  the  intake-side  valve  operating  cam  37I  on 
the  cam  shaft  28.  Thus,  the  ring  gear  322  is  operatively 
connected  to  the  intake-side  valve  operating  cam  37I  on 
the  cam  shaft  28  and  driven  by  the  intake-side  valve 
operating  cam  37I  in  response  to  the  rotation  of  the  cam 
shaft  28.  Moreover,  the  point  of  operative  connection  of 
the  ring  gear  322  to  the  intake-side  valve  operating  cam 
37,  i.e.,  the  point  of  contact  of  the  roller  77  with  the 
intake-side  valve  operating  cam  37I  is  disposed  at  a 
location  in  proximity  to  the  oil  bath  70  between  the 
intake  valves  VI  and  the  cam  shaft  28. 

Connecting  arms  78  extend  toward  the  intake 
valves  VI  on  opposite  sides  of  the  ring  gear  322  and  are 
secured  to  the  sun  gear  31  2  which  is  another  one  of  the 
components  of  the  power  transmitting  means  30l2.  Tap- 
pet  screws  40  in  contact  with  upper  ends  of  stems  20  of 
the  intake  valves  VI,  are  threadedly  inserted  into  tip 
ends  of  the  connecting  arms  78,  respectively  for 
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advancing  and  retreating  movements.  Thus,  the  sun 
gear  31  2  is  operatively  connected  to  the  intake  valves 
VI,  so  that  the  intake  valves  VI  are  opened  and  closed  in 
response  to  the  rotation  of  the  sun  gear  31  2. 

The  carrier  332  which  is  the  remainder  of  the  three 
components  of  the  power  transmitting  means  30  12  is 
coaxially  inserted  between  the  sun  gear  31  2  and  the 
ring  gear  322  and  includes  support  plates  33a'  at  oppo- 
site  ends  thereof.  The  planetary  gears  342  meshed  with 
an  outer  periphery  of  the  sun  gear  31  2  and  an  inner 
periphery  of  the  ring  gear  322,  are  disposed  at  a  plural- 
ity  of,  e.g.,  six  points  equally  spaced  apart  from  one 
another  in  a  circumferential  direction  of  the  carrier  332, 
and  each  rotatably  supported  at  opposite  ends  thereof 
by  the  support  plates  33a'. 

One  of  the  support  plates  33a'  provided  on  the  car- 
rier  332  is  integrally  provided  with  a  control  arm  79 
extending  on  the  opposite  side  from  the  cam  shaft  28.  A 
rotational-amount  control  means  44  is  disposed  in  the 
head  cover  45  at  a  location  above  the  control  arm  79 
and  includes  a  control  rod  51  which  is  in  contact  with  an 
upper  surface  of  the  control  arm  79. 

The  ring  gear  322  is  rotated  in  a  direction  indicated 
by  an  arrow  80  in  Figs.  8,  9  and  1  1  by  pushing  of  the 
arm  76  by  the  intake-side  valve  operating  cam  37I. 
However,  a  relatively  large  spring  load,  for  example,  of 
about  20  kgf  is  applied  to  the  intake  valves  VI  and  the 
sun  gear  31  2  by  the  valve  springs  23  and  hence,  when 
the  rotation  of  the  carrier  332  about  the  sun  gear  31  2  is 
not  controlled,  the  carrier  332  is  freely  rotated  in  the 
same  direction  as  the  arrow  80,  and  the  intake  valves  VI 
cannot  be  opened  and  closed.  However,  when  the  rota- 
tion  of  the  carrier  332  about  the  sun  gear  31  2  is  control- 
led,  each  of  the  planetary  gears  342  is  rotated  about  its 
axis  by  an  amount  corresponding  to  a  controlled  rota- 
tional  amount  to  cause  the  rotation  of  the  ring  gear  322, 
thereby  opening  the  intake  valves  VI.  Thus,  the  maxi- 
mum  lift  amount  and  the  opening  timing,  i.e.,  the  opera- 
tional  characteristic  of  the  intake  valves  VI  can  be 
changed  continuously  by  continuously  changing  the 
controlled  rotational  amount  of  the  carrier  332. 

The  rotational-amount  control  means  44  continu- 
ously  controls  the  rotational  amount  of  the  carrier  332 
about  the  sun  gear  31  2.  Thus,  whereas  the  spring 
forces  of  the  valve  springs  23  for  biasing  the  intake 
valves  VI  in  closing  directions  are  applied  to  the  carrier 
332  through  the  sun  gear  31  2  and  the  planetary  gears 
342  to  bias  the  control  arm  79  upwards,  a  force  for  urg- 
ing  the  control  arm  79  downwards  can  be  continuously 
changed.  The  spring  force  of  the  valve  springs  23  are 
increased  in  accordance  with  the  operation  of  the  intake 
valves  VI  in  the  opening  direction  of  the  intake  valves  VI, 
and  the  force  for  urging  the  control  arm  79  upwards  is 
also  increased  in  accordance  with  the  opening  opera- 
tion  of  the  intake  valves  VI.  Therefore,  the  changing  of 
the  force  exhibited  by  the  rotational-amount  control 
means  44  ensures  that  when  the  intake  valves  VI  are 
opened  to  a  certain  opening  degree,  the  forces  applied 

to  the  control  arm  79  from  above  and  below  are  bal- 
anced  with  each  other.  Thus,  the  rotational  amount  of 
the  carrier  332  is  controlled  to  such  position,  and  the 
maximum  lift  position  of  the  intake  valves  VI  is  control- 

5  led  to  the  position  in  which  the  forces  have  been  bal- 
anced  with  each  other,  as  described  above. 

If  the  force  opposing  the  relatively  large  spring 
forces  provided  by  the  valve  springs  23  is  born  by  only 
the  rotational-amount  control  means  44,  it  leads  to  an 

10  increase  in  size  of  the  rotational-amount  control  means 
44.  Therefore,  an  upward  extending  auxiliary  control 
arm  81  is  integrally  provided  on  the  one  support  plate 
33a'  on  the  carrier  332,  and  an  auxiliary-force  applying 
means  56'  is  operatively  connected  to  the  auxiliary  con- 

15  trol  arm  81  . 
The  auxiliary-force  applying  means  56'  includes  a 

support  tube  82  fixedly  supported  on  the  head  cover  45, 
a  piston  83  slidably  received  in  the  support  tube  82  with 
its  one  end  being  in  contact  with  the  auxiliary  control 

20  arm  81  ,  and  a  spring  84  which  is  mounted  between  the 
support  tube  82  and  piston  83.  The  spring  84  exhibits  a 
spring  force  in  a  direction  to  urge  the  piston  83  against 
the  auxiliary  control  arm  81  . 

With  such  auxiliary-force  applying  means  56',  the 
25  spring  force  exhibited  by  the  spring  84  can  be  applied  to 

the  auxiliary  control  arm  81  and  thus  to  the  carrier  332 
in  the  same  direction  as  the  control  force  from  the  rota- 
tional-amount  control  means  44,  so  that  a  portion  of  the 
force  opposing  the  spring  forces  of  the  valve  springs  23 

30  can  be  provided  by  the  auxiliary-force  applying  means 
56'. 

The  operation  of  the  third  embodiment  will  be 
described  below.  The  three  components  forming  the 
power  transmitting  means  30l2  of  the  planetary  gear 

35  type  in  the  intake-side  valve  operating  device  29l2,  are 
the  sun  gear  31  2,  the  ring  gear  322  and  the  carrier  332, 
the  ring  gear  322  and  the  sun  gear  31  2  are  operatively 
connected  to  the  intake-side  valve  operating  cam  37I  on 
the  cam  shaft  28  and  the  intake  valves  VI,  respectively, 

40  and  the  amount  of  carrier  332  rotated  about  the  sun 
gear  is  continuously  controlled  by  the  rotational-amount 
control  means  44.  Therefore,  the  operational  character- 
istic  of  the  intake  valves  VI  can  be  continuously  and 
finely  controlled. 

45  The  power  transmitting  means  30  12  is  of  the  plane- 
tary  gear  type  in  which  the  three  components  compris- 
ing  the  power  transmitting  means  30l2,  i.e.,  the  sun  gear 
312,  the  ring  gear  322  and  the  carrier  332  are  disposed 
for  rotation  about  the  same  axis.  Therefore,  it  is  possible 

so  to  provide  a  compact  power  transmitting  means  30  12 
and  reduce  the  size  of  the  valve  operating  device  29l2, 
and  it  is  possible  to  accurately  control  the  operational 
characteristic  of  the  intake  valves  VI  by  the  meshing 
connection  of  the  components  31  2,  322  and  332  forming 

55  the  power  transmitting  means  30l2. 
In  such  power  transmitting  means  30  12,  the  amount 

of  rotation  of  the  ring  gear  322  is  smaller  than  that  of  the 
sun  gear  31  2,  and  the  ring  gear  322  is  operatively  con- 
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nected  to  the  intake-side  valve  operating  cam  37I  on  the 
cam  shaft  28,  while  the  sun  gear  31  2  is  operatively  con- 
nected  to  the  intake  valves  VI.  Therefore,  the  lift  amount 
required  for  the  intake  valves  VI,  i.e.,  the  size  of  the 
intake-side  valve  operating  cam  37I  suitable  for  the  5 
amount  of  rotation  of  the  sun  gear  31  2  can  be  set  at  a 
relatively  small  value.  Thus,  the  load  received  from  the 
intake-side  valve  operating  cam  37I  by  the  ring  gear  322 
can  be  relatively  decreased  to  contribute  to  the  allevia- 
tion  of  the  valve  operating  load.  The  roller  77  supported  w 
on  the  arm  76  of  the  ring  gear  322  is  in  rolling  contact 
with  the  intake-side  valve  operating  cam  37I  and  hence, 
the  valve  operating  load  can  be  further  decreased.  Fur- 
ther,  because  of  the  relatively  small  intake-side  valve 
operating  cam  37I,  the  space  required  for  rotation  of  the  75 
intake-side  valve  operating  cam  37I  as  well  as  the 
space  required  for  operation  of  the  arm  76  of  the  ring 
gear  322  can  be  also  reduced,  thereby  providing  a  com- 
pact  valve  operating  chamber  for  the  disposition  of  the 
intake-side  valve  operating  device  29l2.  20 

Moreover,  since  the  single  ring  gear  322  is  disposed 
between  a  pair  of  intake  valves  VI  adjacent  each  other 
in  the  direction  parallel  to  the  axis  of  the  cam  shaft  28, 
and  the  intake  valves  VI  are  operatively  connected  to 
the  sun  gear  31  2  on  the  axially  opposite  sides  of  the  ring  25 
gear  322,  the  pair  of  intake  valves  VI,  whose  operational 
characteristic  can  be  changed,  can  be  opened  and 
closed  by  the  power  transmitting  means  30  12  disposed 
compactly  between  the  intake  valves  VI,  and  the  intake- 
side  valve  operating  device  29l2  can  be  made  compact.  30 

Further,  since  the  cam  shaft  28  is  disposed  at  the 
location  between  the  intake  valves  VI  and  the  exhaust 
valves  VE  and  below  the  upper  ends  of  the  intake  valves 
VI  and  the  exhaust  valves  VE,  and  the  point  of  operative 
connection  of  the  intake-side  valve  operating  cam  37I  35 
with  the  ring  gear  322  is  disposed  between  the  intake 
valves  VI  and  the  cam  shaft  28,  the  power  transmitting 
means  30  12  can  be  disposed  in  proximity  to  the  upper 
surface  of  the  cylinder  head  14,  thereby  providing  com- 
pactness  of  the  valve  operating  chamber.  Moreover,  40 
since  the  intake-side  and  exhaust-side  valve  operating 
cams  37I  and  37E  are  immersed  in  the  oil  within  the  oil 
bath  defined  in  the  upper  surface  of  the  cylinder  head 
14,  the  lubrication  of  the  power  transmitting  means  30l2 
can  be  satisfactorily  performed  by  raking  up  the  oil  with  45 
the  intake-side  and  exhaust-side  valve  operating  cams 
37I  and  37E.  In  this  case,  the  oil  raked  up  by  the  intake- 
side  and  exhaust-side  valve  operating  cams  37I  and 
37E  can  be  effectively  scattered  toward  the  power  trans- 
mitting  means  30  12  to  more  effectively  perform  the  lubri-  so 
cation  of  the  power  transmitting  means  30l2  by  the  fact 
that  the  cam  shaft  28  is  rotated  in  a  counterclockwise 
direction  as  viewed  in  Fig.  8.  In  addition,  the  lubrication 
of  the  roller  77  can  be  also  satisfactorily  performed 
because  the  point  of  operative  connection  of  the  intake-  55 
side  valve  operating  cam  37I  and  the  ring  gear  322,  i.e., 
the  point  of  contact  of  the  roller  77  with  the  intake-side 
valve  operating  cam  37I  is  in  proximity  to  the  oil  bath  70. 

Fig.  13  illustrates  a  fourth  embodiment  of  the 
present  invention.  A  cam  shaft  28  is  disposed  above  the 
upper  ends  of  the  intake  valves  VI  and  the  exhaust 
valves  VE,  and  the  auxiliary-force  applying  means  56'  is 
omitted. 

In  the  fourth  embodiment,  it  is  impossible  to  rake  up 
the  oil  with  the  intake-side  and  exhaust-side  valve  oper- 
ating  cams  37I  and  37E  to  perform  the  lubrication  of  the 
power  transmitting  means  30l2,  but  the  other  portions  or 
components  can  provide  similar  effects  to  those  in  the 
third  embodiment. 

Fig.  14  illustrates  a  fifth  embodiment  of  the  present 
invention.  A  power  transmitting  means  30l2  is  disposed 
in  such  a  manner  that  a  projection  of  a  portion  of  the 
ring  gear  322  is  superposed  on  a  portion  of  a  coiled 
valve  spring  23  surrounding  an  upper  portion  of  each  of 
the  intake  valves  VI,  as  viewed  in  the  axial  direction  of 
the  ring  gear  322.  Thus,  the  power  transmitting  means 
30l2  can  be  disposed  in  closer  proximity  to  the  intake 
valves  VI,  whereby  the  valve  operating  chamber  can  be 
made  compact. 

Fig.  1  5  illustrates  a  sixth  embodiment  of  the  present 
invention.  A  rotational-amount  control  means  44  may  be 
disposed  commonly  for  two  adjacent  cylinders  whose 
opening  periods  are  not  overlapped  with  each  other  in  a 
multi-cylinder  internal  combustion  engine.  Specifically, 
in  the  two  adjacent  cylinders  whose  opening  periods  are 
not  overlapped  with  each  other,  the  control  force  may  be 
exhibited  synchronously  with  the  opening  timing  of  each 
of  the  cylinders  by  the  rotational-amount  control  means 
44.  Thus,  it  is  possible  to  provide  a  decrease  in  the 
number  of  parts. 

In  this  case,  control  arms  79  in  the  power  transmit- 
ting  means  30  12  for  the  two  adjacent  cylinders  may  be 
superposed  on  each  other,  and  the  control  rod  51  of  the 
rotational-amount  control  means  44  may  be  disposed  to 
come  into  contact  with  the  superposed  portions  of  the 
control  arms  79.  Alternatively,  the  control  arms  79  of  the 
power  transmitting  means  30l2  for  the  two  adjacent  cyl- 
inders  may  be  formed  integrally  with  each  other. 

In  all  of  the  above  embodiments,  any  of  a  linear 
solenoid,  a  step  motor  and  the  like  may  be  used  as  the 
rotational-amount  control  means.  When  a  step  motor  is 
used,  one  of  the  three  components  of  the  power  trans- 
mitting  means,  whose  rotational  amount  is  controlled  by 
the  step  motor,  can  be  mechanically  locked  and  hence, 
it  is  possible  to  enhance  the  accuracy  of  control  of  the 
valve  operational  characteristics  and  to  reduce  the  size 
of  the  valve  operating  device. 

Planetary  friction-type  power  transmitting  means 
(traction  drives)  as  disclosed  in  Japanese  Patent  Appli- 
cation  Laid-open  Nos.  5-33840,  5-79450,  5-157149,  6- 
34005  and  6-66360  may  be  used  as  the  power  transmit- 
ting  means. 

The  rotational  amount  of  one  of  the  three  compo- 
nents  comprising  the  power  transmitting  means,  which 
is  operatively  connected  to  the  rotational-amount  con- 
trol  means,  can  be  controlled  at  a  plurality  of  stages 
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rather  than  continuously,  and  in  this  case,  the  opera- 
tional  characteristics  of  the  engine  valves  can  be  finely 
controlled  by  setting  the  number  of  stages  to  a  larger 
value. 

In  changing  the  valve  operational  characteristic,  s 
only  one  of  the  lift  amount  and  timing  of  opening  of  the 
engine  valve  needs  to  be  changed. 

Although  the  embodiments  of  the  present  invention 
have  been  described  above  in  detail,  it  will  be  under- 
stood  that  the  present  invention  is  not  limited  to  the  10 
above-described  embodiments,  and  various  modifica- 
tions  in  design  may  be  made  without  departing  from  the 
spirit  and  scope  of  the  invention  defined  in  claims. 

A  valve  operating  system  in  an  internal  combustion 
engine  is  disclosed,  wherein  the  operational  character-  is 
istic  of  an  engine  valve  which  is  an  intake  valve  or  an 
exhaust  valve,  can  be  changed  in  accordance  with  the 
operational  state  of  the  engine.  In  the  valve  operating 
system,  a  power  transmitting  means  comprises  an  inner 
wheel,  an  outer  wheel  surrounding  the  inner  wheel,  and  20 
a  carrier  on  which  a  planetary  rotor  is  rotatably  carried. 
The  inner  wheel  is  operatively  connected  to  a  cam 
shaft,  and  the  outer  wheel  is  connected  to  the  engine 
valve.  A  rotational-amount  control  device  is  connected 
to  the  carrier  for  controlling  the  rotational  amount  of  the  25 
carrier  in  accordance  with  the  operational  state  of  the 
engine.  Thus,  the  size  of  the  valve  operating  system  can 
be  reduced,  and  moreover,  the  operational  characteris- 
tics  of  the  engine  valve  can  be  finely  changed. 

30 
Claims 

1  .  A  valve  operating  system  for  an  internal  combustion 
engine  wherein  the  operational  characteristic  of  an 
engine  valve  can  be  changed  in  accordance  with  35 
the  operational  state  of  the  engine,  said  valve  oper- 
ating  system  comprising, 

(a)  a  power  transmitting  means  having  three 
components:  40 

(i)  an  inner  wheel  for  rotation  about  an 
axis, 
(ii)  an  outer  wheel  for  rotation  about  said 
axis  and  surrounding  said  inner  wheel,  and  45 
(iii)  a  carrier  member  having  a  planetary 
rotor  disposed  between  said  inner  and 
outer  wheels  for  rotation  about  an  axis  par- 
allel  to  said  axis  of  said  inner  and  outer 
wheels,  wherein  said  carrier  member  is  so 
rotated  in  operative  association  with  the 
revolution  of  said  planetary  rotor  about 
said  inner  wheel; 

(b)  a  cam  shaft  and  a  valve  operating  cam  55 
mounted  on  said  cam  shaft,  wherein  one  of 
said  three  components  is  operatively  con- 
nected  to  said  valve  operating  cam  such  that 

said  one  component  is  rotated  in  response  to 
the  rotation  of  said  cam  shaft,  and  wherein 
another  of  said  three  components  is  connected 
to  said  engine  valve,  and 
(c)  a  rotational-amount  control  means  opera- 
tively  connected  to  the  remaining  or  third  one  of 
said  three  components  for  controlling  the  rota- 
tional  amount  of  said  carrier  in  accordance  with 
the  operational  state  of  the  engine. 

2.  A  valve  operating  system  in  an  internal  combustion 
engine  according  to  Claim  1,  wherein  said  power 
transmitting  means  is  a  planetary  gear  mechanism 
and  wherein  said  inner  wheel  is  a  sun  gear,  said 
outer  wheel  is  a  ring  gear,  and  said  carrier  member 
includes  at  least  one  planetary  gear  carried  ther- 
eon. 

3.  A  valve  operating  system  in  an  internal  combustion 
engine  according  to  Claim  2,  including  an  arm  hav- 
ing  a  tip  end  connected  to  said  sun  gear,  wherein 
the  engine  valve  is  connected  to  said  ring  gear,  said 
arm  extends  toward  said  cam  shaft  and  is  disposed 
on  one  side  of  said  ring  gear;  and  the  tip  end  of  said 
arm  is  in  contact  with  said  valve  operating  cam,  and 
wherein  said  cam  shaft  has  an  axis  parallel  to  the 
axis  of  said  power  transmitting  means,  and  said 
rotational-amount  control  means  is  connected  to 
said  carrier. 

4.  A  valve  operating  system  in  an  internal  combustion 
engine  according  to  Claim  3,  wherein  said  cam 
shaft  is  disposed  at  a  location  such  that  the  projec- 
tion  of  the  locus  of  rotation  of  the  outermost  end  of 
said  valve  operating  cam  intersects  an  outer 
peripheral  surface  of  said  ring  gear,  as  viewed  in 
the  axial  direction  of  said  cam  shaft. 

5.  A  valve  operating  system  in  an  internal  combustion 
engine  according  to  Claim  1,  wherein  said  rota- 
tional-amount  control  means  applies  a  changeable 
force  opposing  a  reaction  force  transmitted  to  said 
third  component  through  said  another  component; 
said  valve  operating  system  including  a  spring  for 
biasing  said  engine  valve  in  a  closing  direction,  the 
resilient  force  of  said  spring  increasing  in  accord- 
ance  with  the  operation  of  said  engine  valve  in  an 
opening  direction;  and  an  auxiliary-force  applying 
means  connected  to  said  third  component  and 
adapted  to  bear  a  portion  of  the  force  opposing  the 
reaction  force. 

6.  A  valve  operating  system  in  an  internal  combustion 
engine  according  to  Claim  1,  wherein  said  rota- 
tional-amount  control  means  includes  an  operating 
member  connected  to  said  third  component  to  con- 
trol  the  rotational  amount  of  said  third  component, 
and  said  valve  operating  system  includes  a  detect- 
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ing  means  for  detecting  the  amount  of  movement  of 
said  operating  member. 

7.  A  valve  operating  system  in  an  internal  combustion 
engine  according  to  Claim  6,  wherein  said  detecting 
means  is  mounted  on  said  rotational-amount  con- 
trol  means. 

8.  A  valve  operating  system  in  an  internal  combustion 
engine  according  to  Claim  2,  wherein  the  engine 
includes  a  plurality  of  valves  and  wherein  said  sin- 
gle  power  transmitting  means  is  mounted  between 
said  cam  shaft  and  said  plurality  of  said  engine 
valves. 

9.  A  valve  operating  system  in  an  internal  combustion 
engine  according  to  Claim  8,  wherein  said  plurality 
of  engine  valves  are  disposed  in  a  row  in  a  direction 
parallel  to  the  axis  of  said  cam  shaft,  and  said  ring 
gear  of  said  power  transmitting  means  is  disposed 
between  said  engine  valves  at  opposite  ends  in  a 
direction  of  arrangement  of  the  engine  valves  as 
viewed  in  a  direction  perpendicular  to  the  axis  of 
said  cam  shaft. 

10.  A  valve  operating  system  in  an  internal  combustion 
engine  according  to  Claim  2,  wherein  said  single 
power  transmitting  means  is  mounted  between  said 
cam  shaft  and  a  pair  of  the  engine  valves  arranged 
in  a  direction  parallel  to  the  axis  of  said  cam  shaft, 
and  wherein  said  ring  gear  is  disposed  between 
said  pair  of  engine  valves  as  viewed  in  a  direction 
perpendicular  to  the  axis  of  said  cam  shaft. 

11.  A  valve  operating  system  in  an  internal  combustion 
engine  according  to  Claim  1,  wherein  said  outer 
wheel  as  said  one  component  is  operatively  con- 
nected  to  said  valve  operating  cam  on  said  cam 
shaft;  said  inner  wheel  as  said  another  component 
is  connected  to  said  engine  valve;  and  said  carrier 
as  said  third  component  is  connected  to  said  rota- 
tional-amount  control  means. 

12.  A  valve  operating  system  in  an  internal  combustion 
engine  according  to  Claim  1  1  ,  wherein  said  power 
transmitting  means  is  a  planetary  gear  mechanism 
and  wherein  said  inner  wheel  is  a  sun  gear,  said 
outer  wheel  is  a  ring  gear,  and  said  carrier  member 
includes  at  least  one  planetary  gear  carried  ther- 
eon. 

13.  A  valve  operating  system  in  an  internal  combustion 
engine  according  to  Claim  11,  wherein  said  cam 
shaft  is  positioned  at  a  location  below  the  upper 
ends  of  intake  and  exhaust  valves  of  the  engine  and 
between  the  intake  and  exhaust  valves  of  the 
engine,  and  the  point  of  operative  connection  of  the 
valve  operating  cam  and  said  outer  wheel  is  located 

between  said  cam  shaft  and  the  one  of  the  intake 
and  exhaust  valves,  operatively  connected  to  said 
inner  wheel,  whereby  the  operational  characteristic 
of  the  one  of  the  intake  and  exhaust  valves  can  be 

5  changed. 

14.  A  valve  operating  system  in  an  internal  combustion 
engine  according  to  Claim  13,  further  including  an 
oil  bath  formed  in  the  upper  surface  of  the  cylinder 

10  head  of  the  engine,  said  valve  operating  cam  being 
immersed  in  oil  within  said  oil  bath. 

1  5.  A  valve  operating  system  in  an  internal  combustion 
engine  according  to  Claim  11,  wherein  a  single 

is  outer  wheel  is  disposed  between  a  pair  of  adjacent 
engine  valves,  and  both  said  engine  valves  are 
operatively  connected  to  said  inner  wheel  on  an 
axially  opposite  side  of  said  outer  wheel. 

20  1  6.  A  valve  operating  system  in  an  internal  combustion 
engine  according  to  Claim  11,  including  a  coiled 
valve  spring  which  surrounds  an  upper  portion  of 
the  engine  valve  to  exhibit  a  spring  force  for  biasing 
said  engine  valve  in  a  closing  direction,  wherein 

25  said  power  transmitting  means  is  positioned  such 
that  the  projection  of  a  portion  of  said  outer  wheel  is 
superimposed,  as  viewed  in  an  axial  direction  of 
said  outer  wheel,  on  a  portion  of  said  coiled  valve 
spring. 

30 
1  7.  A  valve  operating  system  in  an  internal  combustion 

engine  according  to  Claim  1  ,  wherein  the  axes  of 
said  inner  and  outer  wheels  are  positioned  between 
said  cam  shaft  and  said  engine  valve,  in  parallel 

35  with  said  cam  shaft. 

18.  A  valve  operating  system  in  an  internal  combustion 
engine  according  to  Claim  1,  wherein  the  axis  of 
said  inner  wheel  and  said  outer  wheel  is  disposed 

40  at  a  position  different  from  an  axis  of  said  cam 
shaft. 

45 
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